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Introduction

Introduction

The “Seismic Safety Study” report dated May 2006, UCRL-TR-221420,1 summarized the 

findings of the most comprehensive seismic life-safety study performed of the Laboratory’s 

facility inventory.

The study was initiated to comply with the 1991 Presidential Executive Order 129412 which 

required each federal agency to develop an inventory of its facilities and to estimate the 

cost of mitigating unacceptable seismic risks. The study was completed in 1998 by 

Degenkolb Engineers.3

Degenkolb Engineers was recontracted to assist Laboratory staff to perform additional 

structural valuations, rank order the facilities based on their level of seismic deficiencies, 

develop conceptual rehabilitation schemes and cost estimates for the most seriously deficient 

facilities, and a develop a 10-year seismic mitigation plan. These studies were performed 

from 1999 to February 2005.4

Over the last three years additional facility seismic evaluations and investigations have 

been completed, much progress has been made toward mitigating seismic life-safety risk to 

occupants housed in those facilities most vulnerable to be damaged from future earthquakes, 

and a revised 10-year seismic mitigation plan has been developed.

The purpose of this publication is to document the effort completed over the last three years 

and to integrate the findings with those reported in the May 2006 report.

Table 1 highlights the significant progress the Laboratory has made toward seismic 

mitigation of its facilities since the 1970s. Major facility rehabilitations alone have totaled 

more than $30 million.
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Introduction

Table 1.  Highlights of seismic mitigation progress over the last four decades. 
 

 

Major Facility Structural 

Rehabilitation 

 

111, 112, 113, 141, 151, 217, 233, 251, 261 (partial), 298, 311, 313, 321C, 323, 331, 332, 

381, 415, 493, 511 (partial), 873, 874, 875, 880 

 

 

Facilities Demolished 

 

261 vault, 377, 431N 

 

 

Facilities Vacated 

 

241, 326, 435 

 

 

Other Major Seismic Efforts 

 

• Developed site-specific ground motion criteria for Site 200. 

• Established and implemented seismic standards for anchoring trailers, ceiling fixtures, 

bridge-crane earthquake restraints, mechanical equipment tie-down, seismically 

activated gas shut-off valves and elevator repair. 

• Performed comprehensive structural evaluations of higher hazard facilities. 

• Established and implemented emergency procedures and drills. 

• Performed a probabilistic hazard analysis of Site 200. 

• Completed requirements of Presidential Executive Order 12941. 

• Installed free-field and facility strong motion sensors at Site 200 and  

Site 300. 
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Results

When the LLNL Seismic Safety Study was published in May 2006, there was an inventory of 

635 facilities that house people in the Laboratory’s Facility Information Management System 

(FIMS)* database, out of which 58 facilities were identified by Degenkolb Engineers that 

required seismic rehabilitation. The remaining 577 facilities were judged to not pose a seismic 

life-safety hazard to people.

Currently, LLNL reassessed its inventory using updated criteria and determined that of the 597 

facilities judged to house people, 68 facilities require seismic rehabilitation. The remaining 529 

facilities have been judged to not pose a seismic life-safety hazard to people.

The basis for these evaluations followed the national seismic safety performance objectives of 

Interagency Committee on Seismic Safety in Construction (ICSSC) RP6, Federal Emergency 

Management Agency (FEMA) 310, and American Society of Civil Engineers (ASCE) 31 for 

substantial life-safety, utilizing seismic ground motion criteria equivalent to DOE standard 

(DOE-STD-1020) Performance Category 1 (PC1).5  Substantially life-safe seismic performance 

may be summarized by the following:

Building performance that includes significant damage to both structural and 

nonstructural components during the design earthquake,** though at least some margin 

against either partial or total structural collapse remains. Injuries may occur, but the 

level of risk for life-threatening injury and entrapment is low. People will likely be 

unable to reoccupy the building for continuous use until structural repairs are completed.

Facility evaluations throughout were based on screening procedures and guidelines as 

established by the ICSSC RP 6 which was developed to implement the requirements of 

Executive Order 12941.6  The evaluation and rehabilitation process consisted of the following 

steps:

* Total number of facilities in FIMS can vary due to the following circumstances: (1) definition of 

a facility [e.g., B321A, B321B,and B321C are currently counted as three facilities, while in 2006 

they were counted as one], (2) facilities removed [e.g., demolition], and (3) new facilities added.

** An earthquake that has a 10% exceedence probability in 50 years, or approximately 

0.2% annually.
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Results

Screen the facility inventory and classify each facility as exempt or non-exempt.1. 

Exempt facilities are those judged to not pose a seismic life-safety hazard to people • 

and need no further consideration.

Non-exempt facilities require evaluation to confirm their level of deficiency and • 

whether seismic mitigation is required.

Evaluate the building structure of non-exempt facilities for their ability to meet minimum 2. 

life-safety seismic performance objectives prescribed by FEMA 310 and ASCE 31 (as 

required by ICSSC RP 6). Note, nonstructural seismic falling hazards have not been 

evaluated and are not included in this or previous reports.

Categorize each of the non-exempt facilities into three priority classification types (A, B, 3. 

or C) depending on their level of seismic vulnerability and recommended mitigation.

Type A facilities do not meet seismic life-safety criteria and should receive the • 

highest priority towards rehabilitation. 

Type B facilities do not meet seismic life-safety criteria and should receive the next • 

highest priority toward rehabilitation.

Type C facilities do not meet seismic life-safety criteria and require rehabilitation • 

when the facility undergoes a major remodeling or modification.

Develop rehabilitation concepts and cost estimates for type A and B facilities.4. 

Develop rehabilitation plan for type A and B facilities.5. 

As noted earlier, the evaluation process resulted in identifying 68 facilities that require seismic 

rehabilitation in order to meet life-safety standards. These facilities are shown in Figure 1 and 

Table 2. Table 2 also provides a brief description of their expected performance and damage state 

following a major earthquake, rating the facility’s seismic vulnerability (1–10) where the number 

10 represents the highest and worst. 
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Results

Table 3 shows the results of the screening process. It shows the number of facilities in each 

exempt and non-exempt category and reason for the exemption.

Table 4 shows where each facility in the FIMS database that houses people fits within the 

different exempt or non-exempt categories.

Table 5 provides estimated costs for the rehabilitation of type A and B facilities (full, partial,  

and sectors). 

Table 6 presents an updated 10-year seismic mitigation plan which identifies each of the type A 

and B facilities, cost estimates (where available) for full life-safety upgrades, and proposed action 

with dates. 

Concept level strengthening schemes have been developed by Degenkolb Engineers, other 

outside structural engineering consultants, or the Laboratory’s Facilities and Infrastructure 

Directorate for type A and B facilities. These schemes were used as the basis for rehabilitation 

construction cost estimates. 

Schemes and cost estimates were developed for each sector within type A and B facilities. Sectors 

are seismically independent structures within a facility. Additionally, Degenkolb Engineers 

provided descriptions of potential for partial strengthening. The intent was to identify partial 

strengthening options that will decrease the seismic vulnerability of each facility, but may not 

meet the life-safety performance level for the entire structure. The partial upgrade options are 

narrative and qualitative in nature. No sketches or calculations were performed. The effort was to 

identify opportunities where partial strengthening is practical and beneficial.

Note, the schemes were developed to achieve a life-safety seismic performance level for an 

earthquake with a 10% probability of exceedence in 50 years.

Based on the results of Degenkolb Engineers’ evaluations, along with the prevailing practice for 

the disposition of seismically deficient facilities and risk-based evaluations (see the May 2006 

Seismic Safety Study), it is concluded that there is no need to evacuate occupants from these 67 

facilities prior to the facility rehabilitation.

For quick reference, Tables 7 and 8 are included. Table 7 provides DOE 1021 seismic 

performance categorization guidelines. Table 8 provides current seismic evaluation, rehabilitation 

and design criteria for Laboratory facilities.
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